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(54) Electrostatic filter 

(57) An electrostatic filter comprises a fibrous com- 
ponent including a mixture of wool and synthetic fibers 
and a resinous component including a perfluoroalkyl 
acrylate copolymer resin and a p-tert-butylyhenol for- 



maldehyde resin, which resinous component is adher- 
ing to the fibrous component,, both of the fibrous sub- 
strate component and the resinous component being in 
electrostatically charged conditions. 
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Description 

The present invention relates to an electrostatic filter suitable for a respirator or the like. 

So-called resin wool is a well known filter media, which comprises a fibrous sheet-like component composed of 
felt or nonwoven fabric made of an animal wool fiber and a resinous component composed of a synthetic resin such 
as phenolic resin, with which the fibrous component is impregnated or which is coated to the fibrous component. The 
resin wool media undergoes a friction treatment to generate electrostatic charges thereon. The charged resin wool 
media has conventionally been used as a high performance electrostatic filter for a respirator such as a dust respirator 
in view of the fact that the filter provides a high collecting efficiency for fine dust without significantly increasing resist- 
ance against breathed air. 

Such a well known electrostatic resin wool filter of prior art comprising animal wool felt impregnated with phenolic 
resin (hereinafter referred to MK resin) is schematically illustrated by Fig. 1 2 of the accompanying drawings. This filter 
is based on such a principle that an animal wool fiber develops a positive charge and a phenolic resin develops a 
compensating negative charge and the filter as a whole is left in an electrostatically neutral condition'. Particles such 
as dust particles are usually positively or negatively charged and attracted and collected by the oppositely charged 
fiber and resin of the electrostatic filter as these particles pass through the filter. Examples of the electrostatic filter 
based on such a principle are disclosed by Japanese Patent Publication No. S59-32166 (Patent Registration No. 
1256142) entitled "Electrostatic Air Filter" and Japanese Patent Publication No. H03-31483 (Patent Registration No. 
1676882) entitled "Electrostatic Air Filter", both of which disclosures are incorporated herein by reference. According 
to Japanese Patent Publication No. H03-31483an electrostatic filter comprises a fibrous component made of wool and 
synthetic polyester (PET) fibers, and a resinous component constituted by a phenolic resin distributed over the fibrous 

component. ■ . - . . , 

While well known electrostatic filters as have been described above certainly have a good collecting efficiency for 
solid particles it has recently been reported by several articles (e.g. Mark W. Ackley: "Degradation of Electrostatic 
Filters at Elevated Temperature and Humidity", Filtration & Separation, July/August, 1985, 239-242) that these elec- 
trostatic filters exhibit a degradation of an efficiency in aerosol collection. 

The NIOSH Standard of the U.S. for respiratory devices revised in October, 1995 (42 CFR Part 84 Respiratory 
Protective Devices, in which a dust respirator is included) requires an efficiency test using aerosol such as oil mist. 
According to the Standard, the test should be conducted with a particle concentration of DOP aerosol not exceeding 
200 mg/m3 an average particle dia. of DOP being approximately 0.2 urn (0.17-0.22, a geometric standard deviation 
of ag<1 . 6) and an aerosol flow rate of 85 ± 2 liter/min. The Standard requires that a mask should maintain its collecting 
efficiency of 95% or higher even after DOP has been continuously supplied by 200 ± 5 mg and the mask to be tested 
should be preconditioned at a temperature of 38 ± 2.5°C and a relative humidity of 85 ± 5% for 25 ± 1 hours. 

The testing conditions of the NIOSB Standard significantly differ from the testing conditions imposed by the current 
Japanese National Standard for certifying dust respirators and the Japanese Industrial Standard for testing dust res- 
pirators (in both of the Standards quartz particle dust having a particle dia. not exceeding 2 urn is supplied through a 
mask at a flow rate of 30 liter/min and an increase in the inspiratory resistance is determined as of a moment at which 
an accumulation of the dust reaches 100. mg.). Probably no respiratory masks equipped with electrostatic filters are 
commercially available in Japan which meet the requirements of the revised NIOSH Standard. According to the NIOSH 
test conducted by the applicant of the present invention, the above-mentioned electrostatic filters of the prior art showed 
that the filters could not meet the reference value required by the NIOSH Standard, as will be described later in reference 

with Fig. 5. , - 

Generally, in an electrostatically charged substance, static charges are progressively neutralized or discharged if 
the substance is left as it is for a long time in an environment at elevated temperature and humidity. It is well known 
that such a progressive decrease of the charges in an electrostatic filter results in degradation in a dust collecting 
efficiency of the filter In addition, DOP aerosol particles used in the NIOSH efficiency test are oily liquid of a relatively 
low viscosity and tend to wet and cover charged surfaces of the fiber as well as of the resin of the filter with oil as the 
OOP particles accumulate on the filter. The collecting efficiency of the filter is further degraded at an accelerated speed 
probably because the DOP aerosol accumulated on the surfaces begins to progress through the filter. In order to obtain 
a respirator filter which meets the NIOSH Standard, it is essential to provide an electrostatic filter of the prior art with 
effective countermeasures against the above-mentioned degradation caused by the preconditioning at the elevated 
temperature and humidity and the DOP aerosol applied by the NIOSH test. 

While a phenolic resin used in an electrostatic filter of the prior art is satisfactory so far as its electrostatic charac- 
teristic is concerned, a serious problem is caused by its affinity to oily substances such as DOP. More specifically, DOP 
aerosol develops over the surface of the filter and then penetrate the electrostatically charged resin, with a result that 
the charges which have been held within the resin may be neutralized or discharged and thereby the collecting efficiency 
of the filter may be degraded. Accordingly, it can be expected to minimize such a degradation of the collecting efficiency, 
if it is possible to improve the behavior of the resin against the DOP aerosol without deterioration of its electrostatic 
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feature. 

In view of the situation as has been described above, it is a principal object of the invention to provide an electrostatic 
filter to withstand effects caused by DOP aerosol and to meet the NIOSH Standard. 

The object set forth above is achieved, according to the invention, by an electrostatic filter comprising an elecro- 
5 statically charged fibrous component including a mixture of an animal wool fiber and a thermoplastic synthelic fiber, 
and an electrostatically charged resinous component adhering to the fibrous component and including a p-tert-butyl- 
phenol formaldehyde resin, wherein the resinous component includes further at least an electrostatically charged per- 
fluoroalkyl acrylate copolymer resin. 

According to an embodiment of the invention, the resinous component includes f urther at least any one of a poiyalkyl 
io acrylate resin, a poiyalkyl methacrylate resin, and a poiyalkyl styrene resin, each of which resins is in an electrostatically 
charged condition. Preferably, a polymethyl methacarylate resin is used as the poiyalkyl methacrylate resin and a 
polystyrene resin is used as the poiyalkyl styrene resin. More preferably, the resinous component includes a polymethyl 
methacarylate resin and a polystyrene resin, both of which resins are in electrostatically charged conditions. 

According to another embodiment of the invention, the fibrous component has been impregnated with the resinous 
15 component which has been solidified thereafter. 

According to still another embodiment of the invention, the fibrous component includes the wool fiber having a 
diameter of 15 to 33 ujti and the thermoplastic synthetic fiber having a fineness not exceeding 1 .5 denier(d). 

The fibrous component preferably comprises a wool fiber of 20 - 70 % by weight and a polyester fiber of 80 - 30 
% by weight. The fibrous component may have a weight range of 200 - 800 g/m 2 , and may be any one of a nonwoven 
20 fabric and a felt. 

Fig. 1 graphically shows a test result obtained with respect to the PFA/STA filter, No. 1 of the first embodiment of 
the invention; 

Fig. 2 graphically shows a test result obtained with respect to the PFA/STA filter, No. 2 of the second embodiment 
25 of the invention; 

Fig. 3 graphically shows a test result obtained with respect to the PFA/STA filter, No. 3 of the third embodiment of 
the invention; 

Fig. 4 graphically shows a test result obtained with respect to the PFA/STA filter, No. 4 of the fourth embodiment 
of the invention; 

30 Fig. 5 graphically shows a test result obtained with respect to the MK filter of the first comparative example; 

Fig. 6 graphically shows atest result obtained with respect to the PFA/STA filter of the second comparative example; 

Fig. 7 graphically shows a test result obtained with respect to the PMMA filter of the third comparative example; 

Fig. 8 graphically shows a test result obtained with respect to the PSt filter of the fourth comparative example; 

Fig. 9 is a schematic sectional view of a wool fiber impregnated with a resin which is solidified thereafter in the 
35 fourth embodiment of the present invention; 

Fig. 10 is a fragmentary sectional view of the wool fiber in an enlarged scale; 

Fig. 11 is a schematic diagram illustrating the PFA/STA filter No. 4 of the fourth embodiment subjected to a treat- 
ment of mechanical friction to charge the wool fiber and the resin adhering to the fiber; 
Fig. 12 is a schematic diagram illustrating an electrostatic filter of the prior art; 
40 Fig. 1 3 is a microscopic photograph showing the PFA/STA filter, No. 4, of which the magnification is 400 times the 

original size, before the efficiency test; 

Fig. 1 4 is a photograph similar to Fig. 1 3 showing the PFA/STA filter, No. 4 after the efficiency test; 4 

Fig. 1 5 is a microscopic photograph showing the MK filter at the same magnification as Fig. 1 3 before the efficiency 

test; and 

45 Fig. 1 6 is a photograph similar to Fig. 1 5 showing the MK filter after the efficiency test. 

The present invention makes it possible to modify a conventional electrostatic filter impregnated with electrically 
chargeable resins such as a p-tert-butylphenol formaldehyde resin (referred to hereinafter also as MK resin), a poly- 
styrene resin (PSt resin) or a polymethyl methacrylate resin (PMMA resin). 

50 As a fibrous component of the electrostatic filter according to the invention, a felt or a nonwoven fabric comprising 

a mixture of an animal wool fiber and a thermoplastic synthetic fiber is used. The thermoplastic synthetic fiber is pref- 
erably of a fineness which does not exceed 1.5 d, and various types of thermoplastic synthetic fibers and a mixture 
thereof such as a polyester fiber, an acrylic fiber, a polypropylene fiber and a nylon fiber may be used. Mixing ratio in 
weight of the wool fiber and the thermoplastic synthetic fiber is 1 : 9 - 9 : 1 and more preferably 1:9-8 : 2. When the 

55 polyester fiber is used as the thermoplastic synthetic fiber, the mixing ratio is preferably selected from a range 2:8- 
7 : 3. The fibrous component may have a weight range of 200 - 800 g/m 2 . 

The wool and thermoplastic synthetic fibers may be used in a form of air-laid single-layered web obtained by mixing 
and accumulating these fibers using a cotton opener or an air stream, cr directly in a form of single-layered web obtained 
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by treating such a mixture of fibers with a carding machine or in a form of nonwoven fabric formed by adding the web 
with a suitable binder. Additionally, the mixture of the wool and thermoplastic synthetic fibers may be used also in a 
form of nonwoven fabric obtained by laminating a plurality of single-layered webs, or in a form of nonwoven fabric 
obtained by subjecting a single-layered web or a lamination thereof to high pressure water jet so as to intertwine 
5 individual fibers of the web or in a form of nonwoven fabric obtained by heating a single-layered web or lamination 
thereof optionally under a pressure so as to melt and bond the individual synthetic fibers to each other. 

The synthetic fiber may be a mixture of two or more different types or may be of the same type but of different 
finenesses. It is also possible to use a non-crimped or crimped composite fibercomprising two kinds of synthetic resins 
different in melting temperatures. Furthermore, it is also possible to use a superfine fiber or a nonwoven fabric composed 
10 of such a superfine fiber of a fineness not exceeding 1 d such as a melt-blown fiber or a flush spun fiber, for example, 
of polypropylene, polyester or polybutylene terephthalate. 

The fibrous component as has been described above is then impregnated with a liquid resin obtained by dissolving 
a perfluoroalkyl acrylate copolymer resin (referred to hereinafter also as PFA copolymer resin) and the MK resin in a 
nonflammable organic solvent such as Trichlene (trichloroethylene) and then the impregnated liquid resin is solidified, 
is for example, using the method disclosed by the previously mentioned Japanese Patent Publication No. H03-31483. 
The fibrous component thus having the resinous component solidified thereon is now subjected to a mechanical treat- 
ment to be rendered highly charged. In this manner, the electrostatic filter of the invention is obtained. 

The PFA copolymer resin is a random copolymer having a general formula (I). In the formula I, m is an integral 
number having a value of 8 or more, and n is an integral number having a value of 18 or more, and F^ and Ft 2 are 
20 selected from the group consisting of a hydrogen atom and an alkyl-group, and a mol ratio of a : b equals to 2 : 1 - 1 : 
2, preferably, 1 : 1. An example of the PFA copolymer resin is a random copolymer which is obtained by copolymeri- 
zation of perfluorooctylethyl acrylate [n-C 8 F 17 (CH 2 )COOCH=CH2] as perfluoroalkyl acrylate and stearyl acrylate (re- 
ferred to also octadecyl acrylate) [n-C 18 H 37 COOCH=CH 2 ] at a mol ratio of 1 : 1 , and has a molecular weight of ap- 
proximately 3,000 - 50,000 (determined by GPC analysis based on polystyrene). This random copolymer is referred 
25 to hereinafter also as a PFA/STA resin. The PFA/STA resin is sufficient^ compatible with p-tert-butyiphenol formalde- 
hyde (i.e. MK resin), owing to the existence of the copolymerized stearyl acrylate. In addition, a perfluoroalkyl-group 
[CF 3 (CF 2) n - ] has a stereostructure which is easily oriented on the FFA/STA resin surface and a significant oil repel- 
lency. The presence of such a copolymer could be thought to serve to protect the interior of the filter against free 
electrons outside the filter as well as against substances coming in contact with the filter and thereby to prevent a 
30 quantity of electrostatic charges stored in the interior of the filter from being rapidly attenuated. 

In the inventive electrostatic filter both the MK resin and the PFA copolymer resin are negatively charged. Specif- 
ically the PFA copolymer resin tends to be highly charged because of an electronegative nature peculiar to the fluorine 
atom and, even when it is mixed with the MK resin, there occurs neither electrical neutralization nor interaction between 
these two resins. Moreover, the PFA copolymer resin has a significant oil repellent nature and, when it is mixed with 
35 the MK resin, prevents oil particles from penetrating the MK resin. In this way, the invention provides a filter with charges 
which cannot be easily discharged nor destroyed in comparison with conventional electrostatic filters and a filter which 
has a high collecting efficiency and a low resistance which are indispensable natures to a respirator. 
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(j) m is an integral number having a value of eight (8) or more. 

(ii) n is an integral number having a value of eighteen (18) or more. 

(iii) R 1 and R 2 are selected from the group consisting of a hydrogen atom and an alkyl-group. 

A filter media is well known which comprises a sheet-like fibrous component and a water and oil repellent coated 
thereon. The media of this well known type is characterized by that the fiber surfaces of the component are coated 
with afluorocarbon compound which is a repellent. The media of this type cannot meet the revised NIOSH Standard. 

Details of the invention will be further fully understood from the description given hereunder in reference with the 
embodiments of the invention and the comparative examples. 

[ Embodiment 1] 

A nonwoven fabric comprising a mixture of an animal wool fiber (having an average fiber diameter of 20 ujti) of 
40% by weight and a polyester fiber (having a fineness of 0.75 d) of 60% by weight was used as a fibrous component 
of a filter. This component had a dry weight of approximately 450 g/m 2 and a thickness of approximately 3 mm. 

Perfluoroethyl acrylate (i.e. ethyl acrylate monomer having a [n-C 8 F 17 (CF 2 ) 2 -]group) and stearyl acrylate (acrylate 
monomer having a C 18 H37-group, i.e. a stearyl group) were copolymerized at a mol ratio of 1 : 1 according to a con- 
ventional polymerization process to obtain a perfluoroalkyl acrylate resin (a PFA/STA resin) having an average molec- 
ular weight Mn of approximately 3,000 - 4,000 (determined by GPC analysis based on polystyrene). In 1 liter of Trich- 
lene,24.8 g of the PFA/STA resin and 16.5 g of p-tert-butylphenol formaldehyde resin (i.e. the MK resin having an 
average molecular weight Mn of approximately 3,500 - 4,500, which was determined by GPC analysis based on pol- 
ystyrene), which is a well known polymer for an electrostatic fiber, were dissolved to obtain a processing liquid A. 

After the fibrous component was impregnated with the processing liquid A at a ratio of 3.3 liter/m 2 , the component 
was dried by a hot air dryer at a temperature of 120°C for approximately 1 hour and thereby the mixture of the PFA/ 
STA and MK resins was adhesively solidified as a resinous component thereon. The fibrous and resinous components 
were then subjected to a mechanical friction treatment taught by Japanese Patent Publication No. H03-31 483 to charge 
the components and thereby an electrostatic filter (PFA/STA filter, No. 1 ) was obtained. 

On this electrostatic filter, the DOP aerosol collecting efficiency test prescribed by the revised NIOSH Standard 
was conducted and a result shown by Fig. 1 was obtained. The test conditions were as follows: DOP aerosol concen- 
tration of 100 mg/m 3 ; filter area of 100 cm 2 ; and flow rate through the test filter of 85 liter/min. As a preconditioning, 
the test filter was left at a temperature of 40°C and a relative humidity of 85 % for 25 hours. Fig. 1 shows a collecting 
efficiently in % of the test filter versus DOP aerosol accumulation, so called DOP loading in mg. 
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As will be apparent from Fig. 1 . the electrostatic filter ot the invention maintains a high collecting «™ 
after 200 mg of OOP aerosol has accumulated thereon and this efficiency cannot be ach.eved by me MK filter of the 
prior art (See Fig. 5). 

[ Embodiment 2] 

In addition to 24 8 g of the PFA/STA resin and 16.5 g of the MK resin both used as a resinous component in 
Emb^menU g of a PMMA resin (having a molecular weight of approximately 350,000) was also MMnl 
WeTd Sane to obtain a processing liquid B. The fibrous component T^V 81 ^^ oi^SS^™%S^^flItS-" 
iment 1 with this processing liquid B instead of the processing hqu.d A to (fcttn. n J^^TlS^ 
No. 2). On this filter, the DOP aerosol collecting efficiency test prescnbed by *e rev.sed NIOSH ! Standard 
ducted under the same conditions as in Embodiment 1 and a result as shown by F.g. 2 was obtained. 

[Embodiment 3] 

m ^HHitinn to ?4 a a of the PFA/STA resin and 16.5 g of the MX resin both used as a resinous component in 
Em££5? 8 g of the pSS - molecular wefcht o, approximate, 250,000) was also dissolvec Hn , llrfer 
ofSTnetoobtainaprc.ess 

1 with the orocessinq liquid C instead of the processing liquid A to obtain an electrostatic filter (PFA/STA filter, no. oj. 
iT^KTw^ collecting efficiency test prescribed by the revised NIOSH Standard was conducted 
under the same conditions as in Embodiment 1 and a result as shown by Fig. 3 was obtained. 

[Embodiment 4] 

in addition to 24.8 g of the PFA/STA resin and iaS g of the MK resin both used as a 
F J1"7 3 3 o of the PMMA resin as used in Embodiment 2 and 8 g of the PSt resin as used in Embodiment 3 
wTreTo L so ved'in 1 1rof 4h.ene to obtain a processing liquid D. The fibrous component 
Tame manner as in Embodiment 1 with this processing liquid D instead of the process.ng liqu.d A t obtain an etoc*o- 
sSc Z (PBVCTA filter, No. 4). On this filter, the DOP aerosol collecting efficiency test prescnbed by the revised 
^rm!.. conducted under the same conditions as in Embodiment 1 and a resuit as shown by Fig. 4 was 
obtained. 

[Embodiment 5] 

The DOP aerosol collecting efficiency test was conducted on a plurality of electrostatic filters (corresponding to 
the SsTA fi«e No. 4) obtained by impregnating a plurality of fibrous components made of the wool and poster 
fibers led with each o!her at different weight ratios with the processing liquid D as used m Embod.men. 4, and test 

reS tb!ef^ 

• (PET)(having a fineness of 0.75 d) influences upon the DOP collecting efficiency However, it should be understood 
here that the respective filters were not subjected to a preconditioning in this Embodiment. 
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Mixinq ratio of wool and polyester fibers vs. DOP collecting efficiency 


Mixing ratio(wt%) 


DOP collecting efficiency(%) 


Wool fiber 


Polyester fiber 




100 
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[Table 1] 


(continued) 


Mixing ratio of wool and polyester fibers vs. DOP collecting efficiency 


Mixing ratio(wt%) 


DOP collecting efficiency(%) 


Wool fiber 


Polyester fiber 




10 . 


90 


99:900 


0 


100 


98.000 



*° [Comparative Example 1] 

16.5 g of the MK resin as used in Embodiment 1 was dissolved in i liter of Trichlene to obtain a processing liquid 
E. The fibrous component was treated in the same manner as in Embodiment 1 with this processing liquid E instead 
of the processing liquid A to obtain an eiectrostaticfilter (MK filter). On this MK filter, the DOP aerosol collecting efficiency 
15 test prescribed by the revised NIOSH Standard was conducted under the same conditions as in Embodiment 1 and a 
result as shown by Fig. 5 was obtained. This MK filter is a typical electrostatic filter of the prior art. 

[Comparative Example 2] 

20 24.8 g of the PFA/STA resin as used in Embodiment 1 is dissolved in 1 liter of Trichlene to obtain a processing 

liquid F. The fibrous component was treated in the same manner as in Embodiment 1 with this processing liquid F 
instead of the processing liquid A to obtain an electrostatic filter (PFA/STA filter). On this PFA/STA filter, the same test 
as in Embodiment 1 was conducted and a result as shown by Fig. 6 was obtained. 

25 [Comparative Example 3] 

3.3 g of the PMMA resin as used in Embodiment 2 was dissolved in 1 liter of Trichlene to obtain a processing liquid 
G. The fibrous component was treated in the same manner as in Embodiment 1 with this processing liquid G instead 
of the processing liquid A to obtain an electrostatic filter (PMMA filter). On this PMMA filter, the same test as in Em- 
30 bodiment 1 was conducted and a result as shown by Fig. 7 was obtained. 

[Comparative Example 4] 

8 g of the PSt resin as used in Embodiment 3 was dissolved in 1 liter of Trichlene to obtain a processing liquid H. 
35 The . fibrous component was treated in the same manner as in Embodiment 1 with this processing liquid H instead of 
the processing liquid A to obtain an electrostatic filter (PSt filter). On this PSt filter, the same test as in Embodiment 1 
was conducted and a result as shown by Fig. 8 was obtained. 

The test results of Embodiments 1 - 4 clearly indicate that, in spite of the severe preconditioning, the electrostatic 
filters according to the invention maintain a collecting efficiency of 95% or higher even after 200 mg of the DOP aerosol 
40 has accumulated on the filters and well meet the revised NIOSH Standard. The test results of Comparative Examples 
1 - 4 clearly indicate that the electrostatic filters having no combination of the MK resin and the PFA/STA resin do not 
meet the revised NIOSH Standard, 

The test result of Embodiment 5 indicates that a particularly high collecting efficiency can be achieved when the 
fibrous comonent contains the polyester fiber of 30 - 80% by weight. The DOP collecting efficiency of the filter containing 
45 polyester fiber of 60% by weight is higher than that of the PFA/STA filter, No. 4, such a difference between the two 
filters seems to be brought by the reason that the former filter was not subjected to the preconditioning (See Fig. 4 and 
Table 1). 

As have been shown in the above, it is clear that the electrostatic filter of the invention achieves a significant 
improvement in the collecting efficiency for DOP aerosol and/or dust with a negligible increase of the inspiratory re- 

50 sistance in comparison with the electrostatic filters of the prior art. One of the factors contributing to such an improve- 
ment might be the features of the PFA/STA resin having high oil repellency and high negative charge. Even after a 
plenty of the DOP aerosol has accumulated on the charged fiber and on the charged resin of the filter of the invention, 
the PFA/STA resin prevents the DOP aerosol from forming film on the filter surface and from penetrating the charged 
fiber as well as the charged resin. With a consequence, the static charge stored in the filter is well protected and able 

55 to collect dust for a long period. 

Fig. 1 3 is a microscopic photograph of the PFA/STA filter, No. 4 (Embodiment 4), of which the magnification is 400 
times the original size, before the DOP aerosol collecting efficiency test, showing the resin adhesively solidified on the 
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wool fiber having a diameter of approximately 20 u.m. 

Fig. 14 is a microscopic photograph of the PFA/STA filter, No. 4, which has the same magnification as Fig. 13, 
after the DOP aerosol collecting efficiency test, showing DCP particles growing and accumulating on the surface of 
the wool fiber in a spherical shape. This photograph might suggest that the film formation by the DOP during its accu- 
mulation is effectively prohibited under the oil repellent nature of the PFA/STA resin. 

Fig. 1 5 is a microscopic photograph of the wool fiber in the MK filter (Comparative Example 1 ), which has the same 
magnification as Fig. 13, before the DOP aerosol collecting efficiency test. 

Fig. 16 is a microscopic photograph similar to Fig. 15 but showing the MK filter after the collecting efficiency test. 
Comparison of the microscopic photographs of the MK filters taken before and after the DOP test indicates that the 
fiber surface of the filter tends to be covered with DOP oil film after the test. The advantageous effect of the combination 
of the PFA/STA resin and the MK resin can be readily understood from the comparison of the photograph of the inventive 
filter taken after the test (Fig. 14) and the photograph of the filter of the prior art taken after the test (Fig. 15). 

According to the test results of the inventive filter, the mixing ratio of the wool fiber and the thermoplastic synthetic 
fiber is one of the factors contributing to the improvement in the collecting efficiency of the filter. The mixing of the 
relatively thick wool fibers usually having a diameter of 1 5 to 33u/n and the relatively fine thermoplastic synthetic fibers 
having a fineness not exceeding 1 .5 d is effective in obtaining both of the high mechanical collecting efficiency and the 
high electrostatic collecting efficiency of the filter. When the polyester fiber is used as the thermoplastic synthetic fiber, 
its mixing ratio relative to the wool fiber is preferably 80 - 30% by weight. 

According to the test results of the inventive filter, another factor contributing to the improvement in the collecting 
efficiency of the filter lies in that the resins which can be easily charged by a mechanical treatment are used together 
with the perfluoroalkyl acrylate copolymer resin and in that the fibrous component such as a nonwoven fabric or a felt 
is impregnated with these resins evenly in the direction of the thickness thereof. 

The inventive filter comprising a combination of these advantageous factors also differs from an electret filter, one 
of the electrostatic filters of the prior art, which is electrostatically charged by electric means such as corona discharge 
and contains a positive charge on one side and a negative charge of equal magnitude on the opposite side, in that the 
inventive filter is uniformly charged from the surface to the interior thereof and in that a high collecting efficiency can 
be maintained even after a plenty of DOP aerosol has accumulated thereon. 

The PFA/STA filter No. 4 of Embodiment 4, which contains, in addition to the MK resin and the PFA/STA resin, the 
PMMA resin and the PSt resin, maintains a particularly high collecting efficiency even after the aerosol accumulation 
has increased. This advantageous feature of the inventive filter seems to be obtained, owing to that these various 
resins are finely crushed and delami nation occurs along the interlaces between the fibers and the resins during the 
mechanical treatment. Particularly, in view of a fact that the PMMA resin is positively charged and the PSt resin is 
negatively charged, the quantity of static charges generated by the mechanical treatment in the filter of Embodiment 
4 could be thought to be substantially higher than those in the filters of Embodiments 1 - 3. 

Figs. 9, 1 0 and 1 1 are respectively a sectional view of the wool fiber with the resinous component solidified thereon, 
a scale-enlarged fragmentary sectional view of such a wool fiber and a sectional view of the wool fiber after it has been 
subjected to the mechanical treatment in Embodiment 4. The structural features of the inventive filter will be understood 
from the comparisons among Figs. 9, 10, 11 and 12. In this manner, the present invention provides an electrostatic 
filter for a respirator with a high collecting efficiency which meets the revised NIOSH Standard with maintaining "a low 
resistance", one of the most valuable features of a filter. 

The present invention described herein above is also disclosed by Japanese Patent Application No. H8-357255 
of which inventor is the same as the present invention. The disclosure of Japanese Patent Application No. H8-357255 
is incorporated herein by reference. 



Claims 

1. An electrostatic filter comprising an electrostatically charged fibrous component including a mixture of an animal 
wool fiber and a thermoplastic synthetic fiber and an electrostatically charged resinous component adhering to the 
fibrous component and including a p-tert-butylphenol formaldehyde resin, wherein the resinous component in- 
cludes further at least an electrostatically charged perfluoroalkyl acrylate copolymer resin. 

2. An electrostatic filter according to Claim 1 , wherein the resinous component includes further at least any one of a 
polyalkyl acrylate resin, a polyalky! methacrylate resin and a polyalkyl styrene resin, each of which resins is in an 
electrostatically charged condition. 

3. An electrostatic filter according to Claim 2, wherein the polyalkyl methacrylate resin is a polymethyl methacrylate 
resin. 
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4. An electrostatic filter according to Claim 2, wherein the polyalkyl styrene resin is a polystyrene resin. 

5. An electrostatic filter acording Claim 1 , wherein the resinous component includes further a polymethyl methacrylate 
resin and a polystyrene resin, both of which resins are in electrostatically charged conditions. 

6. An electrostatic filter according to Claim 1 , wherein the fibrous component has been impregnated with the resinous 
component which has been solidified thereafter. 

7. An electrostatic filter according to Claim 1 , wherein the fibrous component includes the wool fiber having a diameter 
of 15 to 33 ujti and the thermoplastic synthetic fiber having a fineness not exceeding 1.5 denier. 

8. An electrostatic filter according to Claim 1 , wherein the fibrous component comprises a wool fiber of 20 - 70% by 
weight and a polyester fiber of 80 - 30% by weight. 

9. An electrostatic filter according to Claim 1 , wherein the fibrous component has a weight range of 200 - 800 g/m 2 . 

1 0. An electrostatic filter according to Claim 1 , wherein the fibrous component is any one of a nonwoven fabric and a felt. 
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